ABSTRACT
INTRODUCTION
Direct dental resin composites have been widely used in Dentistry in the last 20 years because of their adhesion to tooth structure, the improvements in mechanical properties and the variety of color options. The longevity achieved by this restorative material is satisfactory, and according to a 17-year evaluation study, 1 the clinical performance of posterior composite restorations is already acceptable. There are some physical and mechanical properties which influence directly the longevity of the restoration because they are important to support the mastication stress. 2 Add to that, surface properties are determinant too in predicting the performance of the material, as for example, the surface hardness and the surface roughness ones. 3, 4 Hardness measures the material's capacity to resist permanent indentation 5 or scratching 4 and it depends on the organic and inorganic composition of composites. 2 In regard to the organic matrix, the degree of conversion of monomers is the main factor related to hardness, 6 besides the light curing method, the depth of cure and the composite shade can too influence the microhardness of resin composites. [7] [8] [9] In fact, according to Ferracane, 10 the hardness value increases with the conversion of resin monomers into a polymer network. Additionally, different filler types, sizes and concentration determine too different superficial and internal hardness values.
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The surface hardness test is broadly employed for in vitro composites evaluation and it is of simple execution. 17 It occurs by the penetration of a sharp diamond indenter at the surface of the material upon application of a given load at a known rate. 18 Moreover, the microhardness indentation test occurs in the micrometric scale, so the closest contact between the indenter and the material's surface is necessary to the reliability of the indentation test. 19 Nevertheless, some studies have demonstrated that irregularities on the material's surface can apparent a determined hardness value which is not the real one. 20, 21 Regardless of their influence on microhardness, finishing and polishing procedures are important clinical steps to promote smooth surfaces to the restorative material, enhancing esthetics to the restoration, 22 because dental restorations appear optically smooth when their surface roughness is smaller than 1 µm. 23 In addition, a smooth surface is necessary to avoid plaque accumulation, gingival inflammation, secondary caries and superficial staining. Thus, smooth surfaces improve the surface characteristics of the restorative material and consequently its longevity.
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Even though there are few studies, where the correlation between surface hardness and surface roughness has been investigated, 20, 21 none study has properly controlled the possible variable factors involved in those surface properties. For example, Chung et al 21 have evaluated the effect of surface finishing on the microhardness of several dental composites. They first created different surface topography by different finishing and polishing procedures and then they evaluated the microhardness of each material after each finishing/polishing step. For results, the authors have not found any correlation between surface finishing and Vickers Microhardness Number. However, this study investigated different commercial composites, which are heterogeneous materials that present components with different degrees of hardness that may consequently affect the surface smoothness of the material. 24 Even so, finishing and polishing procedures have been considered effectives in the improvement of surface hardness. 22, 25 Hence, the aim of this study was to evaluate the correlation between surface roughness and microhardness of experimental composites with only varying filler concentration.
MATERIALS AND METHODS

Formulation of the Experimental Composites
One resin blend was formulated by mixing 2,2-bis [4-(2-hydroxy-3-methacryloyloxypropyl) phenyl]-propane (Bis-GMA) and triethyleneglycol dimethacrylate (TEGDMA) (50/50% in weight ratio) (Esstech, Essington, PA, USA).
To make the resin blend photosensitive, a binary light-curing system constituted by 0.4 wt% of camphorquinone (CQ) (Esstech, Essington, PA, USA) and 0.8 wt% of ethyl 4-dimethylaminebenzoate (EDAB) (Fluka, Milwaukee, WI, USA) were dissolved in the mixture. Then, different amounts of silanized glass particles (Esstech, Essington, PA, USA) were incorporated in the resin blend through intensive mixture, resulting in two experimental composites, as shown in Table 1 .
Specimen Preparation
Five disk-shaped specimens of each experimental composite were produced by dispensing the material in a circular stainless silicon matrix (7 mm diameter × 4 mm thick). Then, the specimens were covered with acetate strips (Hawe-Neos Dental, Bioggio, Switzerland) and a glass slide was placed on top of the silicon matrix, where gentle pressure was applied to extrude excess material. Thus, the specimens were photoactivated for 60s in both faces using a curing unit (LED RADII, SDI, Bayswater, Victoria, Australia). The intensity of the curing light was verified with a curing radiometer (Ophir Optronics, Danver, MA, USA) and it was 1400 mW/cm². After curing, the specimens were placed in room temperature. One week later, the specimens were included in epoxy resin and then they were split up in two parts, totalizing 10 specimens for each composite evaluated (n = 10).
Surface Treatments
For finishing procedures, the specimens were polished with #280-, #600-and #1200-grit wet sandpapers, which represent the first, second and third finishing steps, respectively. The surface roughness (Ra) and the Knoop Microhardness Number (KMN) of each specimen were measured after each finishing procedure.
Surface Roughness Measurement
The surface roughness measurements were evaluated rotated though the surface profilometer (Surfcorder SE 1200, Kosaka Labs., Tokyo, Japan) clockwise at random angle. Three transverse of the stylus were made across the center of each specimen with a cut-off value of 0.8 mm and measuring length of 4 mm. The mean roughness parameter (Ra in µm) for each sample was recorded as the average of three readings. All the readings were performed by the same operator and the profilometer was calibrated prior of measuring against a reference block.
Knoop Microhardness Measurement
The Knoop microhardness number (KMN) of each specimen was measured after each finishing procedure and it was determined using a microhardness tester (FM 700, Future Tech, Chung Ho, Taipei Hsien, Taiwan). A load of 50 g was applied during 10 s, and three indentations were made across the center of each specimen. The KMN is the ratio of the load applied to the indenter to the unrecovered projected area.
Statistical Analysis
The Ra and the KMN values were conducted using twoway Analysis of Variance (ANOVA) and Tukey's test.
Comparisons among surface roughness and surface microhardness were conducted using the Spearman's correlation test. All the statistical tests had a significance level of 5%.
RESULTS
Surface Roughness
The Analysis of Variance showed the interaction between the variables 'composite' and 'surface treatment' (p = 0.002). The means and the standard deviations are presented in Table 2 . The surface roughness was improved after every finishing procedure for both experimental composites, and the C50 presented a rougher surface than the C75 only after the first finishing procedure (p < 0.05).
Knoop Microhardness
The two-way Analysis of Variance showed too the interaction between the variables 'composite' and 'surface treatment' (p = 0.009). While the C50 had its surface microhardness improved after every finishing procedure, the C75 gained a harder surface only after the last finishing procedure (p < 0.05) was carried out. Additionally, when the composites were in a same finishing pattern, both groups presented similar surface microhardness, except after the first finishing procedure, where the C75 showed a harder surface than the C50 (p < 0.05).
Correlation Test
The Spearman's correlation test showed a negative interaction among the type of composite and the surface treatment applied (r = -0.68) (p < 0.05), which can be visualized in the Figure 1 .
DISCUSSION
The possible influence of the surface roughness on the surface microhardness of composites had inspired the present study since Bobji and Biswas 20 have demonstrated that the presence of topographical irregularities would be responsible for hardness data variation. According to these authors, the contact between the diamond indenter and the surface in evaluation would not be close enough in rougher circumstances, decreasing the reliability of the microhardness test. In our study, surface roughness and surface microhardness were negatively correlated (correlation coefficient equal to -0.68, p < 0.05), which means these surface properties are inversely proportional ( Fig. 1) , and consequently, that smooth surfaces are considered harder than rough ones. The mean surface roughness values (Ra) for varying finishing procedures are disposed in Table 2 . C50 and C75 ranged, respectively, from 1.26 to 0.19 and 1.12 to 0.20 µm after decreasing finishing steps (#280-, #600-and #1200-grit wet sandpapers), resulting in smoother surfaces than the initial ones (p < 0.05). On the other hand, within the microhardness data (KMN), C50 earned a harder surface after every finishing procedure, while C75 had its surface microhardness improved only after the last finishing step (Table 3 ). Even so, the both groups resulted in harder and smoother surfaces (p < 0.05), confirming the correlation between surface hardness and surface roughness. According to Helvatjoglou et al 25 and Yap et al, 22 finishing and polishing procedures are effectives in the improvement of surface hardness, and according to the present study, the correlation between surface microhardness and surface roughness can be verified in Figure 1 , where as the surface roughness decreased the surface microhardness increased (p < 0.05). Microhardness and surface roughness can be considered properties material-dependent because they depend on the type of polymer matrix and the size, type and content of fillers. 6, 26 Consequently, commercial dental composites may present differences among materials composition, and this situation may interfere with the evaluation of some properties, 24 specially the surface ones. Therefore, the present study evaluated experimental composites which differed only about their filler concentration, eliminating the possible variation factors. The difference in filler content among the composites was 50% (C50 with 50% of fillers and C75 with 75%) (Table 1) . However, considering them in a same finishing circumstance, the higher amount of fillers has not totally resulted in better surface microhardness, except after the first finishing procedure (#280-), where C75 showed a harder and smoother surface than C50 (p < 0.05) ( Tables 2 and 3) .
Even though several studies have demonstrated the increase in filler concentration improves the composites microhardness, [11] [12] [13] [14] [15] [16] the results from our study have demonstrated that higher amounts of filler particles have not improved the surface microhardness of the material when it was well finished (smooth) ( Table 3 ). This can be explained by the ratio between organic and inorganic content of the composites, since the resin matrix and the filler particles do not abrade to the same degree due to differences in hardness, 24 where theoretically C75 would be harder than C50. Nevertheless, C50 and C75 demonstrated similar surface microhardness, probably because the resin matrix disposed superficially on the specimens was eliminated by the sequential finishing procedures, resulting in a surface full of fillers, just as the C75 specimens, with lower content of organic matrix. Consequently, both composites presented similar topographical patterns and surface properties. 27, 28 This finding demonstrates that when a smooth surface is achieved to composite materials, their surface microhardness is improved and also become statistically similar even for composites with 50% of difference in the content of fillers. Another possible reason for the similarity of surface microhardness data among the composites is that a higher amount of fillers in the material's composition could scatter the curing light through the material mass, decreasing the degree of conversion of this composite. 15 Consequently, a lower hardness value would be expected, making the composite with higher content of fillers (C75) as hard as the composite with less filler concentration (C50). Additionally, a third reason to explain the similarity of surface microhardness among the composites is about the indentation depth. In an indentation test, the depth of penetration of the indenter on the top of the material should be deep enough to allow the measure of the true bulk material properties. 21 If the material under evaluation presents a rough surface, its microhardness will probably be wrongly interpreted. Besides, the surface irregularities in a resin composite can range from a few nanometers to several micrometers in peak heights, and it is the amplitude of the roughness which may interfere with the microhardness indentation test. To avoid this situation, finishing and polishing procedures should be performed to decrease the amplitude of the surface roughness, thus representing the true bulk material microhardness. Different superscript small letters represent statistically significant differences among composites in a same column (p < 0.05) whereas capital letters indicate differences between surface treatments in a same row (p < 0.05) Different superscript small letters represent statistically significant differences among composites in a same column (p < 0.05) whereas capital letters indicate differences between surface treatments in a same row (p < 0.05) JCDP CONCLUSION 1. The current study has demonstrated that surface roughness and surface microhardness were negatively associated, so these surface properties can be considered inversely proportional. 2. The composite with lower filler content (C50) earned a harder and smoother surface after every finishing procedure, while the composite with higher filler content (C75) had its surface microhardness improved only after the last finishing step, but it earned a smoother surface after every finishing procedure. 3. In rough circumstances, C75 presented a harder and smoother surface than C50; in smooth circumstances, C75 has not resulted in better surface microhardness and surface smoothness when compared with C50.
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CLINICAL SIGNIFICANCE
Finishing and polishing procedures are effectives in reducing the surface roughness amplitude of composite materials and in improving their surface microhardness. Thus a microhardness test and any hardness evaluation must be conducted only after a properly finished and polished surface is achieved.
